This study examined the association between insurance status and physicians' adherence with providing evidence-based treatments for coronary artery disease (CAD).
status exist among patients with access to care, and the extent to which these differences are explained by the site providing care, have not been well studied.
Coronary artery disease (CAD) would be the ideal condition in which to examine these questions. CAD is a prevalent and burdensome disease, and there is compelling evidence for the use of secondary prevention in this population (8, 9) . Secondary prevention includes antiplatelet and lipid-lowering agents in CAD patients, betablocker therapy in patients with a history of myocardial infarction (MI), angiotensin-converting enzyme inhibitors (ACE-Is) or angiotensin II receptor blockers (ARBs) in MI patients with left ventricular systolic dysfunction (LVSD) and/or diabetes, and thienopyridine therapy in patients with recent percutaneous coronary intervention (PCI) with a drug-eluting stent (10) (11) (12) .
Accordingly, this study examined the association between insurance status and physicians' adherence with providing evidence-based treatments within the PINNACLE (Practice Innovation and Clinical Excellence) registry of the NCDR (National Cardiovascular Data Registry). This recently developed prospective, U.S. outpatient cardiac registry provides a unique opportunity to examine the quality of outpatient cardiac care in contemporary practices in the United States. This study examined whether differences in medication treatment by insurance status exist in CAD patients, and the extent to which these differences are explained by the site providing care. The analyses were focused on long-term medication treatments that are performance measures or key indicators of CAD care quality. Based on prior studies (13) (14) (15) , it was hypothesized that: 1) there is a gradient in care quality, with publicly insured patients less likely to receive evidence-based care for CAD than privately insured patients, and with uninsured patients having the lowest rate of compliance with these therapies; and 2) much of the treatment difference by insurance status is due to the site at which patients receive their care. If differences by insurance status exist and are provider based, the findings from this study may provide important insights into improving the quality of cardiovascular care for patients without insurance.
Methods

Participants and Study Design
The NCDR PINNACLE Registry (previously known as the Improving Continuous Cardiac Care [IC 3 ] program), is sponsored by the American College of Cardiology (ACC) and is the first national outpatient cardiac registry in the United States (16, 17) . Details on the PINNACLE Registry have been described previously (16) . Briefly, this U.S. quality-improvement registry prospectively collects data on cardiac disease from outpatient practices, with a focus on performance measures for the 4 most common cardiovascular conditions: CAD, hypertension, heart failure, and atrial fibrillation. Each quarter, practices are provided reports of treatment rates for a series of cardiac performance measures (16) . Both academic and private practices are encouraged to participate, and physicians or representatives from each practice are required to complete a series of educational training sessions on data collection, system requirements, and report interpretation prior to data submission. To ensure data quality, routine data checks are performed by both the ACC and the primary analytic center, the Mid America Heart Institute (Kansas City, Missouri).
This study evaluated data from 136,204 patients with obstructive CAD from 30 practices that were enrolled in the PINNACLE Registry from January 1, 2009, through December 31, 2009 . Site characteristics are provided in Online Table 1 . CAD was defined as a history of MI or coronary revascularization with PCI or coronary artery bypass surgery. Patients' characteristics and treatment data were included only from the baseline enrollment visit to avoid over-representation of patients with multiple visits. Because the primary endpoint was the association between insurance status and quality of cardiovascular care indicators, and because most patients age 65 years or older are covered by Medicare, the analyses were restricted to data from those patients under 65 years of age in PINNACLE (75,310 excluded). A total of 80 patients did not have information on health insurance available and were additionally excluded. The final study cohort comprised 60,814 patients. patients with CAD; beta-blocker therapy in patients with a history of MI; and ACE-I/ARB therapy in patients with LVSD and/or diabetes (18) . In addition, the study examined ongoing treatment with thienopyridine therapy (i.e., clopidogrel) in patients with a drug-eluting stent after PCI in the previous year (Online Table 2 ) (10). For each of these 5 measures, medication treatment rates by insurance status were determined. Treatment rates for a given performance measure were calculated by dividing the number of patients prescribed a medication for a given quality indicator by the number of patients eligible to receive that medication. Patients were considered eligible if they met the established inclusion criteria for that measure and did not have a medical (e.g., a high risk for bleeding for antiplatelet or thienopyridine therapy or medication allergy) or a personal (e.g., a patient's preferences) contraindication for that measure. Because eligibility requirements for the 5 indicators differed, a patient could be excluded from analyses of some indicators but included in others.
Health Insurance and Study Outcomes
Other Patient Characteristics
The PINNACLE Registry collects from patients' medical records information on a number of other patient characteristics, including demographics (age, sex, and race, which was categorized as white, black, or other) and comorbidities, including hypercholesterolemia, hypertension, peripheral arterial disease, diabetes mellitus, history of CAD, history of unstable or stable angina, chronic heart failure, atrial fibrillation, history of stroke or transient ischemic attack, history of systemic embolism, and obesity (body mass index, Ն30 kg/m 2 ). In addition, information on tobacco use (current, former, or never) and vital signs (blood pressure and heart rate) was collected.
Statistical Analysis
Patients' characteristics were compared by insurance status (no insurance, public insurance, or private insurance) using analyses of variance for continuous variables and chi-square tests for categorical variables, as appropriate. Rates of medication treatment for the 5 quality-of-care indicators for CAD were compared by insurance status using chi-square tests.
Separate modified Poisson regression models were constructed to examine the association of insurance status with each of the 5 quality-of-care indicators for CAD. A series of unadjusted models was constructed first, followed by hierarchical models with site as a random effect. In each model, the rate of treatment was the dependent variable and insurance status was the independent variable, with private insurance as the reference category. The unadjusted and adjusted estimates of effect for insurance status were compared between each of the performance outcomes. The adjusted models were adjusted for site only: 1) to evaluate the extent to which associations between health insurance status and treatment of CAD were explained by variations in performance at the site at which patients received care; and 2) because other attributes of patients should not influence the decision to treat, as patients with contraindications were excluded.
All analyses were performed using SAS version 9.2 (SAS Institute Inc., Cary, North Carolina), with all tests being 2-sided and a p value Ͻ0.05 considered to be statistically significant.
Results
Of 60,814 patients, 5,716 (9.4%) patients were uninsured and 11,962 (19.7%) patients had public insurance, whereas 43,136 (70.9%) were privately insured. Compared with patients having either public or private insurance, uninsured patients were younger and were more frequently female. Uninsured patients were more likely to present with a history of chronic heart failure but also had fewer comorbidities (including hypercholesterolemia, hypertension, peripheral arterial disease, diabetes mellitus, CAD, stable angina, stroke, and atrial fibrillation) ( Table 1) .
Treatment rates for the 5 quality-of-care indicators are presented in Table 2 . Treatment rates for the overall population ranged from 70.6% to 94.6%, with the lowest rate (70.6%) noted for thienopyridine therapy in patients who underwent PCI with DES in the previous year, and the highest rate (94.6%) noted for the use of lipid-lowering drugs in patients with CAD. Uninsured patients were less likely to receive beta-blocker therapy after MI compared to those who had private health insurance (73.3% vs. 80.5%; unadjusted RR: 0.91; 95% CI: 0.87 to 0.95; p Ͻ 0.001) ( Tables 2 and 3 ). Similarly, they were less likely to be treated with lipid-lowering drugs (89.3% vs. 94.9%; unadjusted RR: 0.94; 95% CI: 0.92 to 0.96; p Ͻ 0.001), and patients with LVSD and/or diabetes were less likely to be prescribed ACE-I/ARB therapy (66.7% vs. 75.5%; unadjusted RR: 0.88; 95% CI: 0.84 to 0.93; p Ͻ 0.001). There were no differences in treatment rates between uninsured patients and those with private insurance for antiplatelet and thienopyridine therapy. In contrast, there were no meaningful differences in treatment rates between patients with public and private insurance except for ACE-I/ARB therapy in patients with LVSD and/or diabetes (69.1% for public insurance vs. 75.5% for private insurance; unadjusted RR: 0.91; 95% CI: 0.89 to 0.94; p Ͻ 0.001). Figure 1 displays the relationship between a practice's proportion of uninsured patients and the practice's compliance rate with 2 performance measures: beta-blocker therapy after MI and ACE-I/ARB therapy in patients with CAD and LVSD. There was a notable inverse relationship between the 2 rates, suggesting that the lower rate of treatment in uninsured patients may be influenced by the practice at which they received care. To account for this, in hierarchical models adjusting for site only, differences in treatment by insurance status were largely attenuated. After adjustment, uninsured patients had similar rates of treatment with beta-blocker therapy (adjusted RR: 0.97; 95% CI: 0.93 to 1.01; p ϭ 0.14), lipid-lowering therapy (adjusted RR: 0.98; 95% CI: 0.95 to 1.00; p ϭ 0.08), and ACE-I/ARB therapy (adjusted RR: 0.95; 95% CI: 0.88 to 1.03; p ϭ 0.18) ( Table 3) . Differences in ACE-I/ARB therapy in patients with public insurance were also attenuated but not eliminated (adjusted RR: 0.95; 95% CI: 0.92 to 0.98; p ϭ 0.003). Finally, the results of the analyses were essentially unchanged when public insurBaseline Characteristics, by Healthcare Insurance Status* ance was subclassified as Medicare and non-Medicare public insurance (e.g., Veterans Administration, Medicaid) (Online Tables 3 and 4) .
Discussion
In this large national outpatient registry, treatment rates with evidence-based medications in CAD patients differed by insurance status. Uninsured patients were less likely to have been treated with lipid-lowering therapy for CAD, beta-blockers after MI, and ACE-I/ARB therapy in those with LVSD and/or diabetes. In contrast, patients with public health insurance generally had rates of treatment similar to those with private health insurance. Notably, most of these differences were eliminated after adjusting for the site at which patients received care, which suggests that treatment differences at the patient level were largely explained by lower rates of medication treatment at sites with higher proportions of uninsured patients. These findings indicate that existing disparities by insurance status in the treatment of patients with evidence-based medications for CAD are likely to persist unless targeted interventions are developed to improve the quality of care at practices with large numbers of uninsured patients.
Although prior studies have reported on the underuse of medications for primary cardiovascular disease prevention (4,19 -21) and poor adherence to evidence-based secondary prevention therapies (22) , this large national study examined differences in rates of treatment with evidence-based therapies for CAD patients by health insurance coverage. Such differences in treatment rates are important to identify, as the evidence for optimal secondary prevention in CAD has been established through a number of randomized clinical trials and summarized as both clinical practice guidelines and performance measures (8, 9) . Although prior research has found that uninsured patients are treated less aggressively than are insured patients during hospital stays for MI (23) , these findings document that treatment disparities exist in the outpatient setting as well. Until recently, gaps in the care of outpatients had been difficult to evaluate, as large registry studies of outpatient cardiac care had not been possible. With the emergence of the NCDR PINNACLE Registry, uninsured patients were found less likely to be treated with certain medications unrelated to antiplatelet therapy known to reduce morbidity and mortality in those with CAD (12,24 -26) .
Lower rates of treatment with evidence-based medications for CAD in uninsured patients reflect not only poor care but also cost-inefficient care. Providing free coverage of evidence-based treatment (antiplatelet therapy, beta-blocker therapy, lipid-lowering drugs, ACE-I/ARB agents) after an MI is associated with improved survival and lower rates of acute coronary syndromes in low-income patients (22) . Among Medicare beneficiaries, providing full coverage for combination pharmacotherapy after an MI was associated with greater functional life expectancy and lower resource use (27) , while other work has reported similar findings on free coverage of ACE-Is among patients with diabetes (28) . More recently, in a randomized clinical trial, patients with MI randomized to free coverage of their cardiovascular medications had lower rates of total major vascular events and revascularization procedures (29) .
Given the high risk for cardiovascular events in patients with a history of obstructive CAD, the developAssociation Between Insurance Status and Treatment Rates for CAD Quality-of-Care Indicators* Smolderen et al. March 12, 2013 March 12, :1069 Health Insurance and Quality of Care in CAD ment of mechanisms to ensure that uninsured patients have access to care and medication treatment would improve the quality of overall care without necessarily increasing overall treatment costs. For instance, directing uninsured CAD patients to prescription-assistance programs may help to facilitate their access to evidencebased medications. Improving providers' awareness about patients' ability to afford care, and promoting the existence of such programs, will be important factors in ensuring that patients have access to them (30) . Many patients in the United States currently do not have adequate outpatient follow-up for CAD (31) . It is welldocumented that uninsured individuals have many unmet healthcare needs and experience substantial cost barriers to seeking care (6, 32) . In addition, patients may also be woefully underinsured. These are patients who, despite having healthcare insurance, may avoid or delay needed health care due to the perceived high costs associated with accessing care (e.g., high copayments and insurance deductibles) (33) . This study did not document difficulties with access to care (e.g., underinsurance) but reported on treatment differences by insurance status among those with access to care. Therefore, these findings are likely an underrepresentation of the real challenges associated with access to high-quality outpatient care among the uninsured and underinsured. Study limitations. Treatment rates among practices participating in the PINNACLE Registry may differ from those outside of PINNACLE; therefore, the findings may not be generalizable to all U.S. practices. Because patient exclusions from each performance measure were assigned by practices themselves, some of these assignments may have been inaccurate. If such misclassifications were differential at the practice level, some of the observed disparities in medication treatment may have been attributable to differences in coding for medication exceptions. The results presented in this study are not generalizable to patients age 65 years or older who are covered by Medicare. Detailed information on the degree of coverage for patients, including pharmaceutical coverage, was unavailable, which may have further explained the variation in prescription rates. Although this analysis was based on physicians' prescription of medication treatments, treatment adherence, which has also been documented in prior studies to differ by insurance status (34, 35) , was not examined.
Conclusions
Uninsured patients with CAD were less likely to receive treatment with evidence-based medications, such as lipidlowering therapy, beta-blocker therapy after MI, and ACE-I/ ARB therapy in patients with LVSD and/or diabetes. These treatment differences by insurance status were mainly explained by the site at which patients received care. To reduce existing treatment disparities by insurance status in the outpatient setting, efforts to expand insurance access should be pursued, and quality-of-care interventions will need to target practices with high proportions of uninsured patients in order to optimize access to evidence-based CAD treatment for all CAD patients.
